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COLORED PEROXIDE AND POLYESTER FORMULATIONS 
f CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of co-pending Application Number 
09/843,600, filed April 26, 2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the hardening of unsaturated polyester resins using 
organic peroxide initiators in the presence of dyes. 

2. Description of Related Art 

Pigments based on metal oxides are known coloring agents for peroxides; however, 
they are predominantly used with solid peroxides (such as benzoyl peroxide, lauroyl peroxide, 
etc.) Their liquid organic peroxide formulations have a very limited shelf-life. In addition, a 
wide variety of phenylenediamine dyes were disclosed in the patent literature as effective 
coloring agents for solid peroxides (benzoyl peroxide, cyclohexanone peroxide, decanoyl 
peroxide). Their limited applications for liquid organic peroxide products could be explained 
by their mutual incompatibility, which results in active oxygen content losses and degradation 
of the peroxides. Most of the commercially available dyes for both liquid and solid organic 
peroxides are red. There are also examples of yellow dyes suitable for organic peroxides; 
however, very often yellow-colored peroxides are not distinctively different from the undyed 
material. 
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The following advantages are realized when colored formulations are used: 

1. Organic peroxides used in external mixing resin/peroxide spray guns are often dyed as 
a visual aid to help the operator confirm an adequate flow out of the peroxide nozzle. 

2. The presence of a peroxide and uniformity of mixing the resin with the peroxide is 
5 indicated by observing the color distribution therein. 

3. The coloration in most instances causes the polymerization product to become slightly 
pigmented with a pre-selected color. 

4. Having pigmented peroxides of several colors permits different colors to be offered for 
different products (or their grades), thereby helping to prevent their inadvertent misuse. 

10 U.S. Patent No. 3,181,991 organic peroxides such as benzoyl peroxide to which a 

coloration has been imparted by means of incorporating a relatively small proportion of a 
pigment with the peroxide. The pigmentation material is an organic or inorganic compound 
having a distinct color and is inert with respect to organic peroxides. 

U.S. Patent No. 3,182,026 discloses the combination of pigmented peroxide 

15 compositions with certain substances in order to make the total composition substantially 

permanently homogeneous and prevent them from physically separating into their component 
parts during storage or use. Preferably, the compositions comprise an intermixture of an 
organic peroxide, a compatible pigment therefor, and an activated gel in an amount sufficient 
to cause the composition to be permanently homogeneous. 

20 U.S. Patent No. 3,382,296 discloses a peroxide-sensitive mixture of an unsaturated 

polyester and a secondarily substituted aliphatic N,N'-diphenyl-/?-phenylenediamine. 
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U.S. Patent No. 3,390,121 discloses achieving uniform blending of a curing catalyst in 
the curing of polyester resins by including a color indicating compound in the polyester esing 
curing composition. The compositions include as the indicator a diphenylamine compound 
having at least one additional resonating group, i.e. a bivalent sulfur, a bivalent amino or a 
5 monovalent amino group, which in the presence of a peroxide curing catalyst gives a fugitive 
color which disappears during the curing. 

U.S. Patent No. 3,958,928 discloses a dye composition together with methods for its 
use and detergent compositions employing the combination. The dye composition is a mixture 
of anthraquinone dyes suitable for use with liquid laundry detergents. The composition 

10 substantially reduces the undesirable fabric staining characteristic of a detergent in which the 
dye is employed, while still retaining the ability to blue the fabric. Further, the color value of 
the detergent product is maintained at a desirable level. The composition is a combination of 
an oil soluble dye such as l,4-bis(2-ethylhexylamino)-anthraquinone (C.I. Solvent Blue 58) 
with a water soluble dye such as l-amino-2-sulfo, 4-(2-sulfo-para toluidino) anthraquinone 

15 sodium salt (C.I. Acid Blue 145) and/or l,4-bis(3 -sodium sulfonate mesitylidino) 
anthraquinone (C.I. Acid Blue 80). 

U.S. Patent No. 4,164,492 discloses a method for determining the degree of cure of 
polyester and epoxy resins which includes the steps of adding a catalyst, containing a pigment, 
to the resin; mixing the two components to provide a visually uniform distribution of the 

20 catalyst and pigment throughout the resin; and, depositing the mixture in a desired position for 
curing. The pigment can also be added directly to the resin rather than the catalyst. 
Additionally, in either alternative, at the completion of the curing the color imparted by the 
pigment has substantially disappeared from the cured product as though no pigment had been 
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employed. Also disclosed is a benzoyl peroxide paste composition, for curing polyester resins, 
having a pigment the color of which substantially disappears from the cured product. 

U.S. Patent No. 4,232,136 discloses a process for the controlled hardening of 
unsaturated polyester resins at temperatures of -5° C to +150° C using an organic peroxide 
5 initiator. According to the process of the invention an organic dyestuff of a specific given 

formula is admixed with the polyester resin and/or the organic peroxide in an amount of 0.001 
to 0.05% by weight, calculated for the weight of the polyester resin. It is said that the 
composition and homogeneity of the polyester resin/additive mixtures can be observed easily 
and the progress of cross-linking can be monitored visually through characteristic colors and 
10 color changes, respectively. 

U.S. Patent Nos. 4,370,428 and 4,460,719 disclose polyester and hardener 
compositions that have incorporated therein pigments of Toluidine Red Y and Parachlor R to 
enable the user to determine when mixing is uniform and when the cure has been completed. 
U.S. Patent No. 4,522,963 discloses a process for monitored cross-linking of 

15 unsaturated polyester resins in the presence of a metal-ion-containing accelerator and an 
organic peroxide initiator, complemented by promotor in some cases. The cross-linking is 
carried out in the presence of one of the compounds from the group consisting of alizarin, 
sodium alizarinesulfonate, 3-nitroalizarin, chinizarine, or purpurin, where the substituents are 
H atoms or OH, N0 2 , S0 3 H, or S0 3 Na groups with the restriction that at least one of them 

20 should be other than H, which is present in a ratio of from 0.005 to 0.5, preferably 0.01 to 0. 1 
percent (mass/mass), compared to the mass of the polyester resin, and cross-linking is trailed 
by the color change in the system. It is said that all of the chemical-technological processes 
involved in the processing of unsaturated polyester resins can thus be monitored visually. 
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The disclosures of the foregoing are incorporated herein by reference in their entirety. 

Notwithstanding the foregoing, a need still remains for new multicolor dyes compatible 
with organic peroxides used for curing unsaturated polyester resins, especially liquid 
peroxides, such as ketone peroxides, hydroperoxides, peroxyketals, peroxydicarbonates, and 
peroxyesters. 

SUMMARY OF THE INVENTION 

The present invention is directed to the curing of unsaturated polyester resins in the 
presence of an organic peroxide and a dye compatible with the organic peroxide, wherein the 
dye is selected from the group consisting of anthraquinone derivatives, pyrazolone derivatives, 
and mixtures thereof. 

More specifically, the present invention is directed to a composition comprising: 

A) at least one dye; and 

B) at least one additional component selected from the group consisting of: 

1) unsaturated polyester resins; and 

2) organic peroxide initiators; 

wherein the dye is compatible with any organic peroxide present and is selected from the 
group consisting of anthraquinone derivatives, pyrazalone derivatives, and mixtures thereof. 
Anthraquinone derivatives and mixtures thereof are particularly preferred. 
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In another preferred embodiment, the present invention is directed to a composition 
comprising: 

A) at least one dye; and 

B) at least one additional component selected from the group consisting of: 

1) unsaturated polyester resins; and 

2) organic peroxide initiators; 

wherein the dye is compatible with any organic peroxide present and is selected from the 
group consisting of: 

1) anthraquinone derivatives of the structure: 




O R x 

wherein K u R 2 , and R 3 are independently selected from the group consisting of hydrogen, 
alkyl, and 
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wherein R 7 is -NH, -NH-R 8 , or -S, R 8 is alkylene, and R 4 , R 5 , and R^ are independently 
selected from the group consisting of hydrogen, alkyl, and halogen, 
provided that at least one of R 1? R 2 , and R 3 is 




2) pyrazolone derivatives of the structure: 




O 



wherein 

R<, is hydrogen or -NH-R n , 

R 10 and R n are independently selected from the group consisting of alkyl, aryl, and aralkyl, 
and 

R 12 is an aryl group; and 

3) mixtures thereof. 
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In another aspect, the present invention is directed to an improvement in a process for 
curing unsaturated polyester resins with organic peroxide initiators, wherein the improvement 
comprises combining an unsaturated polyester resin, an organic peroxide initiator, and a dye 
that is compatible with the organic peroxide and is selected from the group consisting of 
anthraquinone derivatives, pyrazalone derivatives, and mixtures thereof 

In still another preferred embodiment, the present invention is directed to an 
improvement in a process for curing unsaturated polyester resins with organic peroxide 
initiators, wherein the improvement comprises combining an unsaturated polyester resin, an 
organic peroxide initiator, and a dye that is compatible with the organic peroxide and is 
selected from the group consisting of: 

A) anthraquinone derivatives of the structure: 



O 



O Rj 

wherein R l5 R 2 , and R 3 are independently selected from the group consisting of hydrogen, 
alkyl, and 
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wherein R 7 is -NH, -NH-R 8 , or -S, R 8 is alkylene, and R 4) R 5 , and R^ are independently 
selected from the group consisting of hydrogen, alky], and halogen, 
provided that at least one of R l5 R 2 , and R 3 is 




wherein 

is hydrogen or -NH-R ll5 
R 10 and R n are independently selected from the group consisting of alkyl, aryl, and aralkyl, 
and 

20 R 12 is an aryl group; and 

C) mixtures thereof 
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In another embodiment, the present invention is directed to a composition comprising 
an organic peroxide, a polyester resin, and at least one dye compatible with said organic 
peroxide, wherein said dye is selected from the group consisting of anthraquinone derivatives, 
pyrazolone derivatives, and mixtures thereof. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As noted above, in one preferred embodiment, the compositions of the present 
invention comprise: 

A) at least one dye; and 

B) at least one additional component selected from the group consisting of: 

1) unsaturated polyester resins; and 

2) organic peroxide initiators; 

wherein the dye is compatible with any organic peroxide present and is selected from the 
group consisting of: 

1) anthraquinone derivatives of the structure: 



O 



R, 



wherein R l5 R 2 , and R 3 are independently selected from the group consisting of hydrogen, 
alkyl, and 
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wherein R 7 is -NH, -NH-R gJ or -S, R 8 is alkylene, and R 4 , R 5 , and R<; are independently 
selected from the group consisting of hydrogen, alkyl, and halogen, 
provided that at least one of R u R 2 , and R 3 is 




2) pyrazolone derivatives of the structure: 
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wherein 

is hydrogen or -NH-R n , 
R 10 and R n are independently selected from the group consisting of alkyl, aryl, and aralkyl, 
and 

R 12 is an aryl group; and 

3) mixtures thereof 

Where any of R ls R 2 , or R 3 in the above formulae are alkyl, they are preferably lower 
alkyl, more preferably lower alkyl of from 1 to 5 carbon atoms, i.e., methyl, ethyl, propyl, 
butyl, pentyl, and isomers thereof, e.g., isopropyl, tert-butyl, neopentyl, and the like. Where 
two of R l5 R 2 , and R 3 are alkyl, they may be the same or different. 

Similarly, where R 4 , R 5 , and/or R 6 are alkyl, they are preferably lower alkyl, more 
preferably lower alkyl of from 1 to 5 carbon atoms, as described above. Again, where two or 
more of R 4 , R 5 , and R^ are alkyl, they may be the same or different. 

Where R 4 , R 5 , and/or R<; are halogen, they are preferably chloro, bromo, or iodo, more 
preferably bromo. Where two or more of R 4 , R 5 , and ^ are halogen, they may be the same or 
different; preferably, they will be the same. 

When present in the above formulae, R g is alkylene, preferably lower alkylene, more 
preferably lower alkylene of from 1 to 5 carbon atoms, i.e., methylene, ethylene, propylene, 
butylene, pentylene, and isomers thereof, e.g., isopropylene, tert-butylene, neopentylene, and 
the like. As employed herein, the term "alkylene" is intended to mean an alkyl group having 
an additional hydrogen removed to provide two bonding sites on the moiety, e.g., -CH 2 -, 
-CH 2 CH r , and so on. 
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Where R 10 and/or R u are alkyl, they are preferably lower alkyl, more preferably lower 
alkyl of from 1 to 5 carbon atoms, as described above. Again, where both R 10 and R n are 
alkyl, they may be the same or different. 

Where R 10 and/or R n are aryl, it is preferred that they, as well as R 12 , which is always 
aryl, be aromatic groups having from 6 to 10 ring carbon atoms, such as, phenyl or naphthyl. 
Phenyl groups are preferred. These aryl groups can, if desired, have substituents attached 
thereto. Naturally, such substituents will normally be chosen from those that impart no 
substantial detriment to the dyeing properties of the pyrazolone, for example, alkyl groups. 
Where two or more of R 10 , R H , and R I2 are aryl, they may be the same or different. 

R l0 and/or R u can also be aralkyl, i.e., an aryl-substituted alkyl, such as, for example, 
benzyl, where, again, the phenyl ring may, if desired, be substituted with innocuous moieties. 

Examples of the most suitable dyes for pigmenting organic peroxides used for curing 
unsaturated polyester resins in accordance with the present invention are listed below in 
Table 1. 
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Table 1 


Anthraquinone Derivatives 


Trade Designation (CI. Designation) 


Chemical Name 


Morplas Blue 2R (Solvent Blue 128) 


9, 1 0-anthracenedione- 1,4-bis 
(2-bromo-4,6-dimethylphenyl) amino 


Morplas Violet 3B (Solvent Violet 38) 


9, 1 0-anthracenedione- 1 ,4-bis(2,6-dibromo- 
4- methyl phenyl) amino 


Morplas Yellow GS (Solvent Yellow 163) 


9, 1 0-anthracenedione- 1 ,4-bis (phenylthio) 


Morplas Violet 14 (Solvent Violet 14) 


9, 1 0-anthracenedione- 1 ,8-bis(methylphenyl) 
amino 


Morplas Blue E (Solvent Blue 101) 


9, 1 0-anthracenedione- 1 ,4-bis(alkylphenyl) 
amino 


Pylakrome Blue LX-9704 (combination of 
Solvent Blue 58 and Solvent Blue 128) 


l,4-bis(2-ethylhexylamino)-anthraquinone 
and 9,1 0-anthracenedione- 1,4-bis 
(2-bromo-4,6-dimethylphenyl) amino 


Pyrazolone Derivatives 


Pylakrome Yellow LX - 10124 


Undisclosed by manufacturer 


Pylam Liquid Oil Yellow LO - 21 12 (solvent 
Yellow) 


l-phenyl-3-methyl-4-(alkylphenylazo)-5- 
pyrazalone 


Mixtures 


Pylakrome Green LX - 10908 


Undisclosed by manufacturer 



These dyes can be successfully used for coloring any peroxide catalyst that can be used 
20 for the polymerization of an unsaturated polyester resin. These catalysts are organic peroxides 
that are generally used industrially and include ketone peroxides, such as, methyl ethyl ketone 
peroxide, methyl isobutyl ketone peroxide, cyclohexanone peroxide, and the like; 
hydroperoxides, such as, cumene hydroperoxide, t-butyl hydroperoxide, and the like; diacyl 
peroxides, such as, benzoyl peroxide, lauroyl peroxide, and the like; peroxyketals, such as, 
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l,l-di(t-butyl peroxy)cyclohexane, l,l-di(t-butyl peroxy)3,3,5-trimethylcyclohexane, and the 
like; peroxyesters, such as, t-butyl peroxybenzoate, t-butyl peroxy 2-ethyl hexanoate, and the 
like; peroxydicarbonates, such as, bis(4-t-butyl cyclohexyl) peroxydicarbonate) and the like; 
and mixtures of the foregoing used for curing unsaturated polyester resins. 
5 It should be understood that, in accordance with the present invention, the order of 

addition is not critical, for example, 

1. the dye can be combined with the organic peroxide and then this combination can be 
combined with the polyester, or 

2. the dye can be combined with the polyester and then this combination can be combined 
10 with the organic peroxide. 

Colored formulations can, for example, be made by dissolving solid dyes in liquid 
organic peroxides or by adding solutions of the dyes (solid or liquid) to the organic peroxides. 

The dyes are added at levels ranging from about 0.001 to about 10 wt.% based on the 
weight of the peroxide to be employed, preferably about 0.01 to about 2 wt.%, and, more 
15 preferably, from about 0.1 to about 0.5 wt.%. 

The term "polyester resin" as used herein refers to the product of a mixture of one or 
more unsaturated polyesters with one or more unsaturated compounds that can be cross- 
linked. Unsaturated polyesters are produced by esterifying a saturated or unsaturated 
dicarboxylic acids or the corresponding anhydrides with saturated or unsaturated 
20 polyfunctional alcohols. Examples of these acids are maleic, fomaric, phthalic, itaconic acid 
and the like. These acids can be partially replaced by one or more saturated dicarboxylic 
acids. Examples of these are adipic, sebacic, or succinic acid, and the like. Examples of the 
polyfunctional alcohols that may be used individually or in blends of two or more are ethylene 
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glycol, diethylene glycol, propylene glycol, triethylene glycol and the like. The unsaturated 
polyester obtained by reacting the above is then dissolved in a reactive monomer, such as, 
styrene, acrylic compounds, divinyl benzene, or diallylphthalate. 

The advantages and the important features of the present invention will be more 
apparent from the following examples. 

EXAMPLES 

The stability of the colored organic peroxide formulations was tested with the 
Displacement Test, Active Oxygen, and Color Absorbency analytical methods. Methyl ethyl 
ketone peroxide (MEKP) product (Hi Point 90, supplied by Crompton Corporation) was used 
for testing as representing one of the most reactive organic peroxides. Also, colored 
formulations of t-butyl peroxybenzoate (Esperox 10), 80% solution of l,l-di(t-butyl peroxy) 
cyclohexane in butyl benzyl phthalate (USP 400P) and cumene hydroperoxide (CHP 158) 
supplied by Crompton Corporation were tested representing peroxyesters, peroxyketals, and 
hydroperoxides, respectively. 

Displacement Test 

The Displacement Test is an accelerated aging test to determine if a product will 
develop gas pressure in the commercial package as it ages. A 10 ml sample is sealed in a 14 
ml vial that is fitted with a dip tube that leads from the vial to a 12 ml graduated tube. The 
vial with the sample is placed in a 55° C dry bath and the amount of liquid displaced by the gas 
pressure developed in the vial is recorded over an eight hour period. The testing time was 
extended to a forty-eight hour period in order to ensure a longer term stability of the 
compositions. The results are shown in Table 2. 
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Active Oxygen Method 
The Active Oxygen Method determines the relative concentration of peroxy groups in 
formulations. Each peroxy group is considered to contain one active oxygen atom. A 0.3 g 
sample of the ketone peroxide is dissolved in a solution of glacial acetic acid, water, and 
excess potassium iodide to produce a very dark reddish-brown iodine color. The iodine 
produced is determined by reducing it back to colorless iodine with a standardized 0. 1 N 
sodium thiosulfate solution. The analysis was conducted right after the colored compositions 
were prepared and three months later to ensure peroxide stability within this period. The 
results are shown in Table 3. 

Color Absorbency 

The Color Absorbency was measured to ensure dye stability in peroxide. A Hach 
DR2000 spectrophotometer was used for the color analysis. The samples to be analyzed were 
diluted 1:50 by volume with the colorless product and analyzed at various wavelengths for 
absorbency. The optimum wavelength for the absorbency measurements was achieved by 
scanning the wavelength spectra and plotting absorbency vs. wavelength. Yellow and green 
samples were measured at 395 nm; blue and violet samples were measured at 625 and 560 nm, 
respectively. The analysis was conducted right after the formulations were prepared and three 
months later. The results are shown in Table 4. 

The performance of the colored organic peroxide compositions in curing unsaturated 
polyester resins was analyzed in the Gel Test Method. 
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Gel Time Test 

A Randolph Gel Time Tester, Model 100, was used to determine the gel time for a 

peroxide in a standard polyester resin. A 2.0 g sample of peroxide was added to 130 g of 

resin to gel the resin within 25-30 minutes at 25° C. The results are shown in Table 5. 

Example 1 
Coloring Organic Peroxides 

A quantity of 0.3 g of Morplast Blue 2R was dissolved in 100 g of Hi Point 90. The 
sample exhibited a blue color of 0.779 color absorbency that did not change substantially over 
a period of three months. (0.760, 2.4% change). The dye did not affect the stability of the 
peroxide. The change in the Active Oxygen content was as little as 0.8% over a period of 
three months. A quantity of 1.5 ml was displaced over eight hours at 55° C when the sample 
was analyzed by the Displacement Test. The dye did not substantially affect the curing 
characteristics of the peroxide. After being stored for three months, the colored organic 
peroxide composition gelled the standard unsaturated polyester resin within 25.96 minutes, 
which is within the expected variation for the non-colored peroxide. 

Other examples related to Hi Point 90 (ketone peroxide) are included in Tables 3, 4, 

and 5. Examples related to other classes of organic peroxide (Displacement Test data) such as 

peroxyketal, peroxyester, and hydroperoxide are included in Table 6. 

Example 2 
Coloring Unsaturated Polyester Resins 

A general-purpose cobalt promoted unsaturated polyester resin, made up of 90% 

di-cyclopentadiene (DCPD) resin and 10% orthophthalic resin was used for testing. A dye 

(either Pylakrome Blue or Pylakrome Green) was added at 0.05-0. 1 wt % and mixed with the 

resin, and a colored resin composition was obtained. Based on visual observations, the color 
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did not fade within seven days of the test at ambient temperature. 



Table 2 

Displacement Test Data* on Colored MEKP Formulations 


Dye 


Displacement, ml / (time, hours) 


0.25 


4 


8 


24 


48 


Red (Control) 


1.0 


1.5 


1.5 


1.8 


1.8 


Pylalcrome Blue 


1.2 


1.8 


1.8 


2.0 


2.0 


Pylakrome Liquid Oil Yellow 


1.0 


1.1 


1.4 


2.0 




Pylakrome Green 


1.0 


1.5 


1.5 


1.8 


1.8 


Pylakrome Yellow 


1.0 


1.5 


1.5 


1.9 


1.9 


Morplast Blue 2R 


1.0 


1.5 


1.5 


1.8 


1.8 


Morplast Yellow GS 


0.9 


1.4 


1.4 


1.4 


1.4 


Morplast Violet 3B 


1.0 


1.5 


1.5 


1.9 


1.9 


Morplast Violet 14 


1.0 


1.5 


1.5 


1.9 


1.9 



"Typical displacement for the non-colored MEKP is within 2.0 ml over a period of eight hours. 



Table 3 

Active Oxygen of Colored MEKP Compositions 


Dye 


Active Oxygen* Content, % 


After Three Months 


% Change 


Pylakrome Blue 


8.84 


1.2 


Pylakrome Liquid Oil Yellow 


8.82 


1.5 


Pylakrome Green 


8.82 


1.5 


Pylakrome Yellow 


8.79 


1.8 


Morplast Blue 2R 


8.88 


0.8 


Morplast Yellow GS 


8.81 


1.6 


Morplast Violet 3B 


8.79 


1.8 


Morplast Violet 14 


8.86 


1.0 



'Standard variation for A.O. is 8.8 - 9.0 %. 
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Table 4 

Color Absorbency of Colored MEKP Compositions 


Dye 


Color Absorbency 


Original 


After 3 Mos. 


% Change 


Pylakrome Blue 


0.869 


0.895 


-3.0 


Pylakrome Liquid Oil Yellow 


1.832 


1.479 


19.3 


Pylakrome Green 


2.416 


2.386 


1.2 


Pylakrome Yellow 


2.716 


2.671 


1.7 


Morplast Blue 2R 


0.779 


0.760 


2.4 


Morplast Yellow GS 


2.862 


2.361 


17.5 


Morplast Violet 3B 


0.335 


0.301 


10.1 


Morplast Violet 14 


1.665 


1.775 


-6.6 



Table 5 

Gel Time of Colored MEKP Compositions 


Dye 


Gel Time* 


After Three Months 


Pylakrome Blue 


25.70 


Pylakrome Liquid Oil Yellow 


26.67 


Pylakrome Green 


26.27 


Pylakrome Yellow 


27.69 


Morplast Blue 2R 


25.96 


Morplast Yellow GS 


27.69 


Morplast Violet 3B 


26.47 


Morplast Violet 14 


28.40 



'Standard Variation for the Gel Time is 24 - 30 minutes. 
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Table 6 

Displacement Test Data for Colored Organic Peroxide Formulations 


! Organic Peroxide 


Dye 


Displacement, ml / (time, hours) 


0.25 


4 


24 


48 


Esperox 10 


None 


0.8 


l.O 


l.O 


l.O 


USP 400P 


None 


0.7 


0.9 


0.9 


L5 


CHP 158 


None 


0.0 


0.0 


0.0 


0.0 


Esperox 10 


Pylakrome Green 


0.8 


l.O 


l.O 


1.5 


USP 400P 


Pylakrome Green 


0.3 


0.5 


0.7 


1.4 


CHP 158 


Pylakrome Green 


0.7 


0.9 


0.9 


0.9 


Esperox 10 


Pylakrome Blue 


0.6 


0.8 


0.8 


0.8 


USP 400P 


Pylakrome Blue 


0.0 


0.0 


0.0 


O.l 


CHP 158 


Pylakrome Blue 


0.4 


0.5 


0.5 


0.5 


Esperox 10 


Morplas Violet 3B 


0.8 


l.O 


l.O 


l.O 


USP 400P 


Morplas Violet 3B 


0.8 


l.O 


l.l 


1.5 


CHP 158 


Morplas Violet 3B 


0.4 


0.5 


0.5 


0.5 



In view of the many changes and modifications that can be made without departing 
from principles underlying the invention, reference should be made to the appended claims for 
an understanding of the scope of the protection to be afforded the invention. 
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